A survey of surface temperatures of the Mauna Loa caldera during 7/14/00 and 7/15/00 was made by SRTC in conjunction with a MTI satellite image collection. The general variation of surface temperature appears quite predictable responding to solar heating. The analysis of detailed times series of temperature indicates systematic variations in temperature of 5 C corresponding to time scales of 3-5 minutes and space scales of 10-20 m. The average temperature patterns are consistent with those predicted by the Regional Atmospheric Modeling System (RAMS).
INTRODUCTION
Personnel from DOE's Savannah River Technology Center, SRTC and NASA, JPL conducted ground truth surveys in support of ASTER 1 and MTI 2, 3 satellite collections at Mauna Loa, Hawaii, see Figure 1 . The purpose of the collection was to relate thermal band imagery from ASTER and MTI to features of the caldera related to past volcanic activity. A secondary benefit of the collection was to establish base line data that would be useful for the development of a method to monitor subtle variations of caldera temperature indicative of volcanic activity. This paper presents results of an analysis of a portion of the ground truth data that provides estimates of wind-induced temperature variations that would have to be considered in the use of high-resolution thermal imagery to monitor Mauna Loa caldera.
METHODOLOGY
SRTC and JPL personnel conducted ground truth surveys in support of ASTER and MTI satellite collections on 7/14/00 and 7/15/00. SRTC collected time series of surface temperature using three methods: 1) fixed point, 2) walking around and 3) IR camera. Figure 2 shows the path of the mobile survey and the approximate location of the four corners of the IR images: (lower left (LL), lower right (LR), upper right (UR) and upper left (UL). The corner positions were obtained by interacting (yelling) with a person looking through the IR camera viewfinder until the person on the crater floor was just visible in the corner of the image frame. The IR camera was positioned on the crater rim near location C about 100 m above the caldera floor.
Surface temperatures at a fixed point were obtained with a Hieman KT-15 radiometer mounted on a tripod at a height of 1.5 meters. The radiometer "sees" a spot about 3 cm in diameter and operates in the 8-14 micron wavelength range. Data were recorded on a Campbell Scientific 21X data logger at intervals of 10 seconds. The location of the fixed measurements is indicated with "MLM" in Figure 2 Mobile surface temperature measurements were obtained with a hand-held Hieman KT-19 radiometer at a height of 1 m. The spot size and wavelength range are similar to the KT-15 radiometer. Data were recorded with a 21X data logger carried in a backpack along with a Garman Model 12 XL GPS recorder. The nominal accuracy of the Garman 12XL without differential correction is about 100 m as result of the random error introduced into the GPS signal. At the time of this experiment this random component was turned off which improved the position accuracy to within 10 m or better.
IR images were obtained from the crater rim using an Inframetrics Model 760 IR Camera mounted on a tripod and programmed to record about 20 images per second on 8mm magnetic tape. The images covered an area approximately 60 m by 60 m. As a means of quality control images were "grabbed" at 3-minute intervals and downloaded onto floppy disk and reviewed with a laptop computer.
SRTC measured profiles of temperature and humidity using an Atmospheric Instrumentation Research Inc AMRS balloon system released from the 3300-m level of the volcano. Estimates of wind direction were obtained by tracking the balloon with a sighting compass. Meteorological instrumentation was not included in the equipment flown to the study area due to weight restrictions of the helicopter. Meteorological information was simulated using RAMS 4,5 with initialization from NOAA's nested grid model and local soundings. Figure 3 shows three of the "grabbed" IR images at 1127, 1130 and 1132 LST on 7/14/00. Note the position of the fixed IR Radiometer at MLM and the location that JPL personnel made hand-held radiometer observations at MLA. The three images show surface temperature variations over the caldera that vary both spatially and temporally. The SRTC and JPL personnel are visible in the IR images and appear as dark (cool) blobs located near the center of all the images and in the lower left corner at 1127 and in the upper right corner at 1132.
MEASUREMENTS RESULTS
An interesting feature of Figure 3 is the banded temperature structure. This structure can be seen more clearly in Figure 4 which shows a false-color RGB image of bands 10-20 meters wide of uniformly low, high and variable temperature for the 3 time periods. In this figure the black and white bands are areas of uniformly low and high temperatures, respectively, for the 3 time periods, while the red band is where the temperature at time 1132 exceeds the temperature at the other two times. Similarly, the blue and green bands are where the temperatures at 1127 and 1130 exceed those of the other days. Figure 5a shows the complete time series of observed surface temperature at MLM on 7/14/00. The short period of collection at 0910 represents the initial installation of the radiometer and verification that the instrument was working. The instrument was turned off in order to conserve battery power. The power was turned on at 1020 and remained on until shortly after the ASTER image was collected. Note the average temperature of the surface increased from 32 C at 0910 to about 46 C at 1130 LST near image time following the increase in solar heating. Variations of temperature of up to 5 C over time periods of several minutes are indicated during the entire collection period. Figure 5b shows a plot of surface temperatures along the path shown in Figure 2 . The data collected between 0915 and 1000 were part of an instrument check and the data collected between 1050 and 1200 were to characterize the spatial variation of surface temperature during image time. The general increase of temperature from 0900 to 1200 agrees with the fixed measurements in Figure 5a but the amplitude of the variations is larger, about 10 C, and time period of the eddies is significantly shorter. The increased amplitude undoubtedly is a result of a combination of the spatial variations of surface temperature and/or emmissivity and the temporal variations described above. Figure 6a and 6b show spectra energy peaks at periods of 6.5 minutes and 3.2 minutes, respectively. Figure 7 shows a false-color RGB image of caldera temperature over a 6-minute period centered at the MTI image time of 1244 on 7/15/00. The spatial variation of temperature is similar to that observed on 7/14/00. The two large squares on the left and right side of Figure 7 represents the approximate size of 20-m pixels of the MTI thermal bands. Simulated MTI pixel temperatures range from 54.0 to 50.8 C during the 15-minute period plotted in Figure 8 . The difference in temperature between the left and right pixel ranged between 0.0 and 0.3 C
RAMS SIMULATIONS
The RAMS simulation of the Mauna Loa caldera consists of 4 nested grid sizes with resolutions ranging between 6.4 km to 100 m. Grid 1 corresponds to the area shown in Figure 1b and telescopes down to the highest resolution grid shown in Figure 9 . The RAMS model requires detailed specifications of surface characteristics in order to calculate heat fluxes through the surface layer, unfortunately the RAMS database does not include lava. The simulations reported here utilize a soil type of peat, which has low thermal conductivity and albedo assumed to be representative of lava. No vegetation is assumed.
The Mauna Loa caldera is defined by the 3980-m contour on the east and the 4000-m contour on the west. The crater rim is open to the northeast and has steep walls to the east and northwest. Figure 10 shows a comparison between the MTI image and the RAMS simulation of surface temperature. Figure 10a shows the top of atmosphere radiance of MTI band M of Mauna Loa caldera collected on 7/15/00. The study area is indicated with a box. Dark areas near center and lower left corer of image are cumulus clouds. Figure  10b shows RAMS simulation of surface temperature. Temperature contours are shown as shades of gray at 0.2 C intervals with darkest pixels equal to 51.0 C, and brightest pixels equal to 58.0 C. The simulated temperature at the study area ranges from 53.5 to 54.0 C near MTI overpass.
The MTI image shows several large-scale features consistent with the RAMS simulations. The first feature is the cooler temperatures near the northeast corner of the caldera near the study area. The second feature is the warmer temperatures along the western and southern edge of the caldera. The third feature is the existence of isolated areas of warmer temperature oriented parallel with the eastern edge of the caldera. These features appear to be caused by the complicated terrain features surrounding the caldera. The terrain effects surface heating by changing the solar incidence angles creating shadows and enhancing wind turbulence.
CONCLUSIONS
Surface temperatures of the Mauna Loa crater appear to be the result of several interacting processes. Surface temperatures within a 60 m by 60 m study area show variations of +/-2.5 C about a mean value caused by turbulent eddies with time scales of 6.5 minutes. Spatial averaging of data to approximate a MTI 20-m pixel reduces the variations to about +/-1.5 C. RAMS simulations of caldera temperatures show general agreement with MTI imagery with respect to general east-west gradient of caldera temperature and good agreement with observed surface temperatures within the study area.
Although the RAMS model includes the effect of large-eddy simulations, results to-date have not been satisfactory largely due to numerical noise caused by abrupt changes in terrain height. Figure 6a . Surface temperatures at fixed point, MLM, on 7/15/00, spectra energy peak at period of 6.5 minutes. 
